silicon oil. This combination does seem to last long enough for adequate NMR measurements. The measurement of NMR parameters has led to the following findings. There is a relative chemical shift of 212.5Hz at a Larmor frequency of 80.34MHz which is approximately 2.7 ppm. We have done chemical shift imaging of static samples in the past and succeeded in resolving resonances of oil from water in rocks. However, we have never done this with flowing fluids. Because this is perceived to be of marginal feasibility, we have also measured the TI relaxation times to see if that is a better parameter for distinguishing the two components.
The most convenient experiment to perform to distinguish the two images is an inversion recovery. All spins are assumed to recover exponentially from the inverted state to the upright state with time constants TI depending on the physical and chemical states of the atom containing the nucleus. Thus, each spin species obeys Our quest for an suitable combination of imageable particles in a carri&/iq@
which means the magnetization starts from -M(co) at t=O, the inverted state, and t/T,)=1/2. In the usual inversion recovery experiment, as used in clinical medicine, all the spins are inverted at t=O and the recovery is allowed to proceed until the difference between the two signals is a maximum. We found that the TI values are different by a factor of around 3 for the two materials, i.e., the silicon oil is more than 1 second while the pharmaceutical beads are less than 1 second. If the Tl's are taken to be 0.5 and 1.5 seconds, the time of the largest signal divergence is at 0.83s and the difference in signal is 39% of maximum. This is a difference that is large enough that we can do an easier experiment. After the inversion, we wait until one of the components, the faster one, passes through zero. We perform an NMR imaging experiment at that instant which yields an image only from the component whose magnetization is not, yet, zero. The experiment is then repeated with a suitably longer delay to obtain the image of the other, longer TI, component. Intensity corrections have to be made according to what the nonzero magnetizations are at the appropriate times.
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The accompanying figure shows TI-separated images of 4mm diameter pharmaceutical beads in a flim can filled with silicon oil. All protons were inverted at the beginning of the experiment and the upper left image was made after a suitable delay that nulled the signal from the beads. The upper right image was made with a longer delay to null the signal from the silicon oil. In order to check the cancellation, the two images were summed to yield the lower left image. Much to our surprise, there is a hole on the left side of the pile of beads. Upon careful examination, we discovered a single glass bead among the pharmaceutical beads. Because glass gives rise to no proton signals, the sum shows an absence of any signal from the glass bead. The other faint variations in the intensities where the beads are arise from the shells of the pharmaceutical beads which yield protons signals with too short a T2 to be captured in this experiment.
Thus, we have proved the feasibility of obtaining images from both components of a two-phase mixture. This is a major precondition for obtaining velocity images of both particles and liquids in a concentrated suspension flow.
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Eiichi Fukushima Project Manager Images of pharmaceutical pills in a horizontal photographic film container containing silicon oil. The upper left image is that of the oil, obtained by waiting to make the image until the inverted signal from the particles went through a null, while the upper right image is that of the particles, obtained the same way. The lower image is of the sum of the two showing the glass bead that happened to be mixed in the particles.
